Title TWO STEP METHOD FOR ETCHI NG A FUSE W NDOW ON A SEM CONDUCTOR
SUBSTRATE Background of the Invention 1. Field of the Invention The
present invention relates generally to the field of sem conductor
fabrication and, nore particularly, to a two-step nethod for reliably
etching a very-high aspect ratio fuse window on a sem conductor substrate
i nvol ving the use of advanced process control (APC). The renuining

t hi ckness of the target |ayer at the bottom of the fuse window can be
precisely dé€rol | ed. 2. Description of the Prior Art Sem conductor devices
having a redundancy circuit for disabling defects conponents are known in
the art. Most redundanctyy circuits have fu i nterconnect-wires. The fuse
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di sconnect sERepCcoNBOLTOR SOESTRATES from the normally functioning
conponents. FIG 1 illustrates atypical cross-section view of a fuse

interconnect-wire 10 that is formed concurrently with a multi-I|ayered
i nt er conneghckyroungofubleungehtionn a silicon substrate 100. As shown in
FIG 1, th? ir]herfc nn@i:t-wi re structure 12 conprises a lower inlaid wire
| ayer 122 tl'i_éet iQ ﬁ'ben vgqtgprf ornmed of copper by using copper danmascene
processes. The lower inlaid wire layer 122 may be, but not limted to, a
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can be precisely controlled.

2. Description of the Prior Art

Semiconductor devices having a redundancy circuit for disabling defects
components are known in the art. Most redundancy circuits have fuse
interconnect-wires. The fuse interconnect-wires may be blown when
applied with a laser beam, to disconnect the defective components from
the normally functioning components.

FIG. 1 illustrates a typical cross-section view of a fuse interconnect-wire
10 that is formed concurrently with a multi-layered interconnect-wire
structure 12 on a silicon substrate 100. As shown in FIG. 1, the
interconnect-wire structure 12 comprises a lower inlaid wire layer 122
that is generally formed of copper by using copper damascene
processes. The lower inlaid wire layer 122 may be, but not limited to, a
fifth metal (M5) layer of the multi-layered interconnect-wire structure
12 wherein the first to fourth metal (M1-M4) layers are not shown in this
figure for the sake of simplicity. The lower inlaid wire (M5) layer 122 is
embedded in an insulating dielectric layer 113 and etch stop layer 114.

The interconnect-wire structure 12 further comprises an inlaid wire (M6)
layer 124 embedded in an insulating dielectric layer 109 and etch stop
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with the lower inlaid wire (Mb) layer 122 through the via 123 that is
enbedded in the insulating dielectric |layer 111 and cap |ayer 112. The

i nterconnect-wire structure 12 further conprises an inlaid wire (M/) |ayer
126 enbedded in an insulating dielectric |layer 105 and etch stop |ayer
106. The inlaid wire (M) layer 126 is electrically interconnected wth
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silicon car onltrl tride di 8l'ect Fi e er 102 is generally
formed of silicon oxide such as PECVD oxi de. The passivation layer 101 is
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Typically, the insulating dielectric layers 105, 107, 109, 111 and 113
are made of low dielectric constant (low-k) materials such as FSG or the
like. The etch stop layers 106, 110 and 114 are made of PECVD nitride,
LPCVD nitride or oxy-nitride. The cap layers 104, 108, 110 and 112 are
made of PECVD nitride, LPCVD nitride, carbide, silicon carbonitride or
oxy-nitride. The dielectric layer 102 is generally formed of silicon oxide
such as PECVD oxide. The passivation layer 101 is generally formed of
silicon nitride.

In this case, the fuse interconnect-wire 10 is formed concurrently with
the lower inlaid wire (M5) layer 122 of the interconnect-wire structure
12. A so-called fuse window for laser ablation is provided directly above
the fuse interconnect-wire 10. The fuse window is a recessed opening
with a very-high aspect ratio that is located directed above the fuse
interconnect-wire 10 with the bottom of the fuse window not exposing
the fuse interconnect-wire 10.

The process for etching the fuse window is illustrated through FIGS. 2-4.
As shown in FIG. 2, a photoresist layer 150 is coated on the passivation
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As shown in FIG 2, a photoresist layer 1 50 is coated on the passivation
2/ 16 layer 101. A typical lithographic process is carried out to form an
opening 160 in the photoresist |ayer 150. The opening 160 is situated
directly above the fuse interconnect-wire 10 and defines the fuse w ndow
to be etched into the substrate 100. As shown in FIG 3, a single-step
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having a ditettiqmatariaknassetthetbout 2000 angstroms. As shown in FIG 4,
after nmeasuring the remaining thickness of the etched target layer 1 1 1,

t he photoresist er 1 50 is then stri p&)ed However, the prior art
si ngl e- st epingénth 90%11%& yiINGEEIINE Chrodisss| G sis subie@oneuaKIdRE®E, it isot
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different Po gJ)FfP Hﬁe Pe?rtn m%l St)hlgkr? ess g?t}fléj§aerget layer 111. Normally, it is
desired to form a fuse window 200 with a target layer 111 having a
remaining thickness of about 2000 angstroms. As shown in FIG. 4, after
measuring the remaining thickness of the etched target layer 111, the

photoresist layer 150 is then stripped.

However, the prior art single-step non-stop dry etching process is
time-consuming and is not reliable. According to the prior art, the
single-step non-stop dry etching process is carried out using endpoint
mode and has to employ different etching recipes for selectively etching
corresponding consecutive material layers above the target layer 111
under said endpoint mode. According to the prior art, the respective
etching rates for etching through the consecutive layers 101-111 are
basically different. The complex dielectric film stack (typically eleven
consecutive layers with five different dielectric materials) over the fuse
interconnect-wire 10 introduces variations and accumulated errors of
the final result, and the out of spec (OOS) ratio is usually as high as 50%
or even higher. Also, the low transition rate during the etching of the
fuse window is another problem and most of final products have to be
processed and tuned again after measurement, therefore, more
manufacturing trouble is incurred. In light of the above, there is a need
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interconnect-wire 10 introduces variations and accunul ated errors of the
final result, and the out of spec (O0S) ratio is usually as high as 50% or
even higher. Also, the lowtransition rate during the etching of the fuse
wi ndow i s anot her problem and nost of final products have to be processed
and tuned again after neasurenent, therefore, nore nmanufacturing trouble

s incurregh this @i Eeo%@vsn (TRBFR P e thRRfoBhdAniii thbhisadust 1y

to provide an i nproved od for formng t use W ndow. Summary of the
| nvention MINASW: her ef ore the primary object of the present invention to
provide a two-step nethod for reliably etching a very-high aspect ratio
fuse w ndow on a sem conductor substrate involving the use of advanced
process control to solve the above-described problens. According to the

cl ai med i nganimany of thednséetonet hod for etching a fuse w ndow on a

sem conductor substrate is disclosed. A sem conductor substrate having
thereon a fuse interconnect-wire is enbedded in a dielectric film stack,
wherei n the idi #ezetarecttfa pmrmaackbjeanpl tleprasée e gaterdion ectpriovidayger
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process i SPP&‘.éé%r rbftcf) %Wef‘thaf’ﬁ%%eﬁb%nE@d?ro%\'@r‘hst he passivation

| ayer, eln the photoresis as an o that is directly above
the fuse interconnect-wire and deflnes t he fuse V\nndow A first dry

et ching pr ecid vation
ayer and f RESRIing %ﬂi’*?ﬁ”ﬁ?‘é”@?ﬂ‘?@mZ‘?Paﬁ*%w%é“ﬁ“fEam%ﬁ@ében. g

t her eby i NYNERY t Hge® dSENHEPRECIQNy epUbAlrALe stis distlosed;

t hi ?:kntess !@%@tﬁrﬂg@{tgrsﬁlﬂ@straﬁe Frﬁfvf@@ ”ﬂ@éﬁ?ﬁ”ﬁ%@lﬁﬁ@f@bﬁﬁéét%lré hieet 2[] ?ﬁt

brocess | <8 2 gliSlegtuf Hink stadkomearel Sheceldntreniasigee” " "

di el ectri Ccétaa)persesra teh@eftldistecmc layer overlying the fuse interconnect-wire,
at least one intermediate dielectric material layer overlying the target
dielectric layer, and a passivation layer overlying the intermediate
dielectric material layer. A lithographic process is performed to form a
photoresist layer over the passivation layer, wherein the photoresist
layer has an opening that is directly above the fuse interconnect-wire
and defines the fuse window. A first dry etching process is then
performed to non-selectively etch the passivation layer and the
intermediate dielectric material layer through the opening thereby
exposing the target dielectric layer. A first thickness-measurement step
is performed to measure thickness of the target dielectric layer after the
first dry etching process. A second dry etching process is performed,
based on the measured thickness of the target dielectric layer in the first
thickness-measurement step, to etch a portion of the exposed target
dielectric layer, thereby forming the fuse window. A second
thickness-measurement step is performed to measure a remaining
thickness of the target dielectric layer after the second dry etching
process. The photoresist layer is then stripped.

From another aspect of this invention, a two-step method for etching a

fuse window on a semiconductor substrate is provided. A
semiconductor substrate having thereon a fuse interconnect-wire is
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t hi ckness- neasurenent step, to etch a portion of the exposed target
dielectric layer, thereby form ng the fuse wi ndow. A second

t hi ckness- neasurenent step is perfornmed to neasure a remaining thickness
of the target dielectric |ayer after the second dry etching process. The
photoresi st layer is then stripped. From another aspect of this invention,
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t hi ckness- rrea t to continue to second internedi ate
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| nter medi a%aerg]:a%lséﬁelectrlgvyayer aFter the first dry etching process. A second dry
etching process is performed, based on the measured thickness
obtained from the first thickness-measurement step, to continue to
etch the second intermediate dielectric material layer, the first
intermediate dielectric material layer and a portion of the exposed
target dielectric layer through the intermediate fuse window, thereby
forming the fuse window. A second thickness-measurement step is
then performed to measure a remaining thickness of the target
dielectric layer after the second dry etching process. Thereafter, the

photoresist layer is stripped.

These and other objectives of the present invention will no doubt
become obvious to those of ordinary skill in the art after reading the
following detailed description of the preferred embodiment that is
illustrated in the various figures and drawings.

Brief Description of the Drawings
The accompanying drawings are included to provide a further

understanding of the invention, and are incorporated in and constitute a
part of this specification. The drawings illustrate embodiments of the
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formng the fuse wi ndow A second thickness-neasurenent step is then
performed to neasure a remaining thickness of the target dielectric |ayer
after the second dry etching process. Thereafter, the photoresist |ayer is
stripped. These and ot her objectives of the present invention will no doubt

become obvious to those of ordinary skill in the art after reading the
fol |l ow ng ; Cr. h eqt
i1l ustrat egﬁ\?é}h ﬁg %g(? 58 }?@r q’(”sthand‘pd‘ﬂ%ﬁ.'rrrf%lm(? g#/ DESC(%’){%?I oflthgf t he

Dr awi ngs Tlﬁélmﬁbﬁpﬁnmmglmwmdﬁ fe&ileedlia\félln@éed to provide a further
under st andigng, Pﬁiilﬁﬂ?aﬂe@vfwmeﬁbcrgﬁa %&lbﬂ%»@‘ﬁf%ﬁ%e‘ Mté‘f%rﬁﬁ'&%l\}vh‘éte a

part of thIS specj fication w ngs il ustrae enbodi nents of the
5/ 16 i nventi@dh IantPrmef et MReURKEEHYL %tPU@cmumT amer%rl\v‘éewrm@ﬁrt aviet he

princi pl es s@fucthe bﬂveﬁgﬂk_@rh shbstrBge:drawings: FIG 1 illustrates a typical
Cross-sect e i ntercopnect-wre, t is formed concurrently
G tna IS st s fals Bie ibress T Chig Eieduah WG aon Substr ot 6.
FIGS. 2-4 Fld3istrotgre h@h@ﬁm&sﬁli@arﬁt WHowin ehé Lts«theﬂometEb@orS 9 are
schenmati c g Hﬂr ans w ndow

oo LR RO ol Sk BB OEran Shkstr B etk mant.
FIG 10 i swath baw miede treslusnmmoidinegntt he t wo- step nethod of this |nvent|on

of the i nt ElGiedi g s 8, hab sGumblATD Fhe Bo Sl ottt s . *ok &
12 il lustréventidrg | ot-to-1ot thickness variation curve at the bottom of

the 1 nal erlaiop YRS eld:iSFo LBE ARAGRA AN RUARE IS tnEBbYdHCS, 13

and 14 are schenmat S-Sec wo- st ep,
APC- cont r oPf &l heterpiediate étu&ehmgdaw a@@a\ﬂftmrowaaﬁ ret eg@mmgmma@@%r

substrate Eff areqleange sHHIADR DB tRickh@S5 %iriation curve at the bottom
of the finale fuse window 200 after the second etching process; and
FIGS. 13 and 14 are schematic, cross—-sectional diagrams illustrating the
two-step, APC-controlled method for etching a fuse window on a
semiconductor substrate in accordance with another preferred
embodiment of this invention.

Detailed Description

Please refer to FIGS. 5-10. FIGS. 5-9 are schematic diagrams showing
the two-step method for forming a fuse window on a semiconductor
substrate in accordance with one preferred embodiment, wherein like
numerals designate like elements, devices, regions or layers. FIG. 10is a
flow chart summarizing the two~step method of this invention.

As shown in FIG. 5, likewise, a fuse interconnect-wire 10 is formed
concurrently with a multi-layered interconnect-wire structure 12 on a
silicon substrate 100. The interconnect-wire structure 12 comprises a
lower inlaid wire layer 122 that is generally formed of copper by using
copper damascene processes. The lower inlaid wire layer 122 may be,
but not limited to, a fifth metal (M5) layer of the multi-layered
interconnect-wire structure 12 wherein the first to fourth metal (M1-M4)
layers are not shown in this figure for the sake of simplicity. The lower
inlaid wire (M5) layer 122 is embedded in an insulating dielectric layer
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enbodi nent of this invention. Detail ed Description Please refer to FIGS.
5-10. FIGS. 5-9 are schematic diagrans showing the two-step nethod for
formng a fuse wi ndow on a sem conductor substrate in accordance with one
preferred enbodi nent, wherein like nunerals designate |ike elenents,
devices, regions or layers. FIG 10 is a flow chart summarizing the

t wo- st ep nqtlty)gnﬂfetgn'ﬁo#ﬂ\éﬁ‘j hen. As showmn in FIG 5, |ikew se, a fuse

i nterconnect-wre concurrently with a multi-Ilayered
i nterconnect-wire structure 12 on a silicon substrate 100. The
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first to fourth rret Iﬁfe \ﬂa & Ih % urefor t he
sake of si me.rewg}ectf- wv%wm 'quﬁ AE wire(y) %&12 zwfoy ¥&d in an
Itﬂsul atl ng 3(2I3€ﬂlrﬁﬁtiﬁle¢n&)?d'déd nﬁkﬁgéﬂiui&tm@dd@ﬁ@d'tr&tfapeiayerarﬂdéap&mﬁ ar | y,
e Interc Stru re (0] L.Ses _an
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W t t he a. S
enbedded | gtB u% N?”SCW’S&" l\éﬁ,& ?Mg%‘}g 3?5 ES] a]ayg?‘tr@y The

i nt erconnemte\nn:(r)@nectlewcw thieirflaict twbre dbplayees] 2 thmnaghl viailZe (M) | ayer
126 enbedd é’@dé@%m@e'l ﬂ%LPlhfi‘ gcﬁfel&f R:VPJyeJrofo? @ %EPH ddsﬁyef

106. Thelna Wre ctri‘cal ected wWith
the inlai dTWer @t@mnmwewnlwtwﬁtut@ﬁ & ifurthes @cvmarls'% @rhfé@dﬂéw padt he

i nsul at | ”gia?e@\e% thét 'isf%@he%ﬂy P&%Eé%f‘ RV%C%PE’CU Eﬂ‘ﬁ ddﬁw?b@&@“qﬁfe wire

ormed of RPnAN@paddayep 28 Gongegisall marcansimatng ih thayurderdgngs
el ectrical |[Maidbi@re QMBCIREW 2B tHRudghetd VIiZW that is embedded in the
insulating dielectric layer 103 and cap layer 104. The bonding pad layer
128 is protected with a passivation layer 101 and dielectric layer 102.
An opening 130 is formed in the passivation layer 101 to expose a

portion of the top surface of the bonding pad layer 128.

The insulating dielectric layers 105, 107, 109, 111 and 113 are made of
fow dielectric constant (low-k) materials such as FSG or the like. The
etch stop layers 106, 110 and 114 are made of PECVD nitride, LPCVD
nitride or oxy-nitride. The cap layers 104, 108, 110 and 112 are made
of PECVD nitride, LPCVD nitride, carbide, silicon carbonitride or
oxy-nitride. The dielectric layer 102 is generally formed of silicon oxide
such as PECVD oxide. The passivation layer 101 is generally formed of
silicon nitride.

As shown in FIG. 5, the fuse interconnect-wire 10 is formed
concurrently with the lower inlaid wire (M5) layer 122 of the
interconnect-wire structure 12. Both of the fuse interconnect-wire 10
and the lower infaid wire (M5) layer 122 are formed in the insulating
dielectric layer 113.

To form a fuse window for laser ablation directly above the fuse
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inlaid wire (M7) layer 126 through via 127 that is enbedded in the

i nsulating dielectric |layer 103 and cap | ayer 104. The bondi ng pad | ayer
128 is protected with a passivation layer 101 and dielectric layer 102. An
opening 130 is formed in the passivation |ayer 101 to expose a portion of
the top surface of the bonding pad | ayer 128. The insulating dielectric
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and 114 ar 60fageUdYe PECUD mqlu mg wpcd/ﬁerﬁnt tyaes @f diglediricrmaserialse cap

| ayers 104aré@%chécl©rcﬁﬂ%é%%p%ﬁ@sm%r 191 t%Em@td'Hg%"t'lﬂ%r LPCVEh&ihrdrde,
carbide, silicon carbonitrid (ﬂ%trl e. Thé diel ect |CI3/ 102 is

general |y RBr faa96r-SE¢P| BOR- 6§9Rjéjrys@$: IBg BEEYRSDxipdEarT fi on
|l ayer 101 lepdg@mner afode Qirﬂ!?dhﬁé t@léhﬁﬂaynutiﬂfeﬂ@wt /éﬁtcﬁh@mre'cfbdﬁi Gord, the

fuse interco ct r concurrent | ower jinlaid
e (Ve FETREhy' Efife ConaamaniEnr TR el favets abive i, e he
;use Ljnterhﬁ@me@mnwv—&}vf&@ 1an|dnt:§|&e k@Mierendﬂlciiigd l_?_ﬂdc& (Vb |c@yr€mllda&2darfe
ormed int tin i el ectric,.l aye o.form us w f or
| osr - abl abtasclR aihh Stagk, BVER dHes £uBY Shidrstinnieohig. 1 R ot
previ ousl yvasatlooaemd ac¢qu|IIatef:f eﬂﬂ:om:oﬁshae:ﬁna@ee:’.ldye'l’heneﬁore;qjmrgr aitve
diff t |

LT RN ) BB PR 30

et chi ng pr ol €is carried out under endpoint node and has to enpl oy
different etching recipes for selectively etching corresponding materi al
| ayers above the fuse interconnect-wire 10 under said endpoint node. The
conpl i cat elhedpraicess fioe atrhing the kuss avindes agserdingeiccthndeventips ito

i nt rOducestliu’sﬁfdtﬁﬂ't‘PﬁéuQ'ﬁOFIGSCG[I@' alsech@vhon F1Qf 6t hReWas“@'a bﬁét&r‘esnst

Ther ef or e, r|or Si nGg tep non-stop, dry etcA ?(I: ﬁ

time- Consu}ﬁyﬁé 1$ SORHR omeﬁ']eagpéswatlon layer 101 typ|ca it ographlc
process is carried out to form an opening 160 in the photoresist layer
150. The opening 160 is situated directly above the fuse
interconnect-wire 10 and defines the fuse window to be etched into the

substrate 100.

As shown in FIG. 7, a first dry etching process is then carried out under
a time mode to consecutively and non-selectively etch the layers
101-110 and stops upon the exposure of the target layer 111, thereby
forming an intermediate fuse window 200a. It is one salient feature of
the invention that the first dry etching process is performed at a
substantially constant etching rate based on the same etching recipe for
etching through the layers 101 to 110. The term "“time mode” means
that the first dry etching process is terminated after a preset time period.
The preset time period is calculated based on the etching rate of the
etching recipe and the combined thickness of layers 101 to 110. The
term “ non-selectively etch the layers 101-110" means that the etching
recipe employed in the first dry etching process is substantially not
selective to the layers 101-110 which contains about at least three
different kinds of dielectric materials such as PECVD oxide, FSG and
nitride. The first dry etching process may also be referred to as “rough”
etching, since the etching recipe employed in the first dry etching
process is substantially non-selective to the consecutive layers 101 to
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The process for etching the fuse wi ndow according to this invention is
illustrated through FIGS. 6-9. As shown in FIG 6, |ikew se, a photoresist

| ayer 150 is coated on the passivation layer 101 . A typical |ithographic
process is carried out to forman opening 160 in the photoresist |ayer

150. The opening 160 is situated directly above the fuse interconnect-wire
10 and defijngs the fuse wi ndow to be etched into the substrate 100. As
shown in FIG 7, a first dry etching process is then carried out under a
time node to consecutively and non-selectively etch the layers 101 - 11

0 and st Op%c'é@%'lr@@oethléoélc@f@r@fd Ehﬂaé@iﬁ‘@@ﬁt b&%eis werﬂnonth%@bmnbor m ng

an intermediate f use m }{\I/ g | S one.sal i ent lﬂﬁ g the
i nvention tr?l‘éipet FHCERT dPyoed thﬁglab'%%é el é)rffm t“”athe rst
subst ant i aldiry &@nﬁtgaito@ésshmmcﬂ@i @;ul@aﬁcﬂdlu@ﬂteweo S@@aﬂ’ﬁ&é\* PBeysRGenst for

etching thr 101 to 1
first dry égeﬂFﬁéﬂﬁP

n that the
GEaton Hawdr ibabalRi sl W: godBom PRwelatahodt The
preset ti gﬁSﬁ@rV\bd& C dcfibautaat exf dosed 100 sngacxtmhggt@maoé of tebowdt chi ng
reci pe an ne 1to 11 T
non- sel ect |] @e?ecyccrg?gw@ﬂéhb @@"s'%i% fgti%&t ﬁgénsscc[rﬁ,a?xyg%n Zﬁé)n 8{[}%{5@ pe
enpl oyed i of abeoutiIGscdmy asrcchitige praéed ofiabautb3b@secahty. not  sel ective
to the layers 101-110 which contains about at |least three different kinds

of dielectric materials such as PECVD oxide, FSG and nitride. The first
dry et chi ndfigrotle sfarmyatior cobdheeintermediateaduseowindoweP&flga Eisice t he

et chi ng reﬂh@ﬁneg@lrwé%@uréwem éﬂerpst;opl dlxgatr&*é'd"%é;)%%ecgﬁﬂt'r zsve\bgB aptially

non-sel ective to the _consecutive Cccor to the
preferred BARH&IMEh T be thml@easm@‘nth%ﬁxppﬁ@det@weh&!mr bti pe measetathi ng

through thghkaneasurdd thiekhd9s %!ﬁl?h%(qféedflﬁaélh?ofdnrﬁpc lﬂﬁl&’ (ﬁb@@hﬂﬂ/d}r ocess
I ncl udes but not limted to: a chanber pressure of about 300ntorr; a top

power of about 1 500 W a bottom power of about 1500 W a CF4 flowrate of
about 100 AscshownCir3FiKl.of, rete aheafiesd thickness-measurement step, a

second dry etching process is carried out, still under a time mode and
under the control of APC unit, to precisely etch away a pre-selected
thickness of the exposed target layer 110, thereby forming a finale fuse
window 200. The APC unit provides the second dry etching process with
a calculated etching time based on the feedback measured thickness
data from the first thickness measurement step. Since the second dry
etching process is relatively more precise than the first dry etching
process, the second dry etching process is referred to as “fine” etching
step. The etching recipe for the second dry etching process may be
selective or non-selective with respect to the remaining layers.

After the second dry etching process, a second thickness-measurement
step for quality control is performed. The thickness of the fine etched
target film 111 is measured. If the thickness of the fine etched target
film 111 is within the spec, the photoresist layer is stripped, as shown in
FIG. 9.

FIG. 10 is a flow chart summarizing the two-step method of this
invention. The present invention two-step, APC-controlled method for
etching a fuse window includes the steps of:

Step 571: First etching step. Non-selective first dry etching etches
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10 sccm argon (Ar) flow rate of about 500 sccnm oxygen (02) flow rate of
about 30 sccm and a tine period of about 360 seconds. After the fornmation
of the internediate fuse wi ndow 200a, a first thickness-nmeasurenent step
for advanced process control (APC) is performed. The thickness of the
exposed target film1l 1 1 is neasured. The neasured thickness data is

feedback t anASLAPAYBIY (OPL1 FOOUS)expdie ShRMaldb i fGer®1 18Tt Phet s 1!

t hi ckness- neas secon ess IS carrie out,
still undeuet@'lmgn%te@oléda%nﬁarm@ﬁopetra tSHbSbEU’ﬁftla'J)\Y cgnsm alehing tatepiEddsel y

etch away npy &rieleeehing rédipekmassliofg tdb@m%%e@s%dmar%hd' ayider ik,

thereby formng a finalé fuse w ndow 200. The APC unit provi des the second
dry etchin§? cess with a cal cul ated etchl ng time based on the feedback

measured t Bt@;ﬁrSQSSFurﬁatraclf(ﬁ@m wi@asfur@srﬁerwmﬂt@e%ﬁe TRES etemmigt s&gkheSi nce
t he second_ dr rocess, is rel |veig,}/brmre prem&e than the first

n
dry etchi nbh'cﬁpgéés@! l?‘ﬁ %@rﬁjdt%lr%?te ff ng' pridclRESspEe &%Pge% ?Y¥Nas
"fine" etcblnrrc@nestepeaéﬂﬂngttobimg reci pe for the second dry etchi ng process

Arer the SEbmd dREC AR, S B g a FRERAS oS, Rek e SETMR Sl Si e
for qual it pwPE€onnitdio mstmﬁrdmlemdningmeratmmIfoesslse ofext find etehiegcited. t ar get

m Il L Sredreasucedngldich iy Lg uhfiEcd6IuRhagdrdl abcning | m L 3

1is within SISt fcﬂ\ae FIG
9. FIG 10step aofnr@wseh\awenwmmrzdagem*hmetd/\ﬂquepsmﬁb@ wirgehilayer
i nventi on. f-lThe present invention two-step, APC-controlled method for

etching a fuse w ndow i ncludes the steps of: Step 51: First etching step.
Non- sel ect PL&P PPf §@C@m§i teiduasg r@@éﬁéeemgnm%tﬁfébgﬁemyér@cmm $t€P, 1 0 to

expose thetﬁ@rtﬁﬁikrie%)éebf khé¢ fine dithed Eér‘geteFa%fngi PligPicashesd QigTRE at a
substantlal(pé QVE nt etching rate r.éSI ng only one etching recipe for all

10 consecu QeSHN g taRls. npde.
Step 56: The photoresist [ayer is stripped.

FIG. 11 illustrates the lot-to-lot thickness variation curve at the bottom
of the intermediate fuse window 200a after the first etching process. FIG.
12 illustrates the lot-to~lot thickness variation curve at the bottom of
the finale fuse window 200 after the second etching process. In this
case, for example, the target FSG layer 111 has a thickness of about
5000 angstroms. After the first dry etching step, the tolerable range of
the remaining target FSG layer 111 is 4000+ 1400 angstroms. After the
second dry etching process, the remaining thickness of the target layer
111 is 2000+ 200 angstroms. The lot-to-lot variation is improved
using the present invention two-step, APC-controlled method.

FIGS. 13 and 14 are schematic, cross-sectionali diagrams illustrating the
two-step, APC-controfled method for etching a fuse window on a
semiconductor substrate in accordance with another preferred
embodiment of this invention. As shown in FIGS. 13 and 14, according
to this embodiment, the first dry etching step does not expose the
target tayer 111, but stops on the layer 110 that overlies the target layer
111. Thereafter, the thickness of the remaining layers 110-112 is
measured using known thickness measuring tools. Likewise, the
measured thickness data is feedback to the APC unit to output an
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Step 52: First thickness neasurenent. After the first etching step, the
t hi ckness of the exposed target |ayer 111 is neasured using known

t hi ckness neasuring tools. Step 53: APC control. The neasured thickness
data is feedback to the APCunit to output an etching duration for the
next fine etching step. Step 54: Second etching step. The APC uni t

Chi ckneas. STcTREFHrEAE P she Tt AuPLEERERo LEGTA bl SEHABRGRE o
After the sisbuhcdn@tcidlagtise egich remthualdueesAPGf cohaoﬂuﬁeperfmmd doget
layer 111 ig éﬁaﬂ?‘lfeﬁﬂo\%é't’?@ d—iv%g""m{t)hdrﬁ&’blefo?ea@ae%%h@ﬁjkﬁ&’lkﬁess%?&h@ The

phot or esi st aye tri pp ustrates t
t hi ckness Vangeitlaver tll vafter theesasoncoptchong shep, thesthiskneseof the filendow

200a after othifad 'téﬁ_:}et%%‘i ng %pfsoﬁm%%t%uré;&i Cés;n%zkridv{lh'sthfc‘?(tr\%%str"ﬁ%akﬁi?tng()o' ot

t hi ckness varja curve at ttomo I nal e fuse w ndow
after the E‘é‘%’% EE Bhltﬁé W@%‘St?ﬁyﬁrhisssnﬁﬁ%eéf,- for exanple, the target
FSG layer 1 11 has a thickness of about 5000 angstrons. After the first
dry etching,step, t ol erabl

th 1 G | 1
Y T hoognoagawilisdin Sng aPniiLrETdE Sheebikitiat rumerus Mdicationsna |
remai ni ng khdckdoessicofs vhehé aleyide hagenethdd may%@%éﬁi@w&ﬂbﬁtmamngThe

| ot -t o-1 ot i.at. I S .LOpLO usi . i n ep,
APG. cont r ol feitdhlils oFah EBh 9 8tlan Achde Bl Bl YRS s et

di agr ans i beustrrsatied) asHemitedoesiydpy theGetmmst arod bed nast bbthd appetdiidng a
fuse w ndOWa?H]s sem conductor substrate in accordance w th anot her
preferred “enbddi ment of this invention. As shown in FIGS. 13 and 14,
according to this enbodinent, the first dry etching step does not expose
the target layer 1 1 1, but stops on the layer 1 10 that overlies the
target layer 111. Thereafter, the thickness of the remaining | ayers
110-112 is nmeasured using known thickness nmeasuring tools. Likew se, the
measured thickness data is feedback to the APC unit to output an
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10/ 16 etching duration for the next fine etching step. A second etching
step wusing non-selective etch recipe under APC control is perforned to
carefully renove the | ayer 110 and a predeterm ned thickness of the target
layer 1 1 1 . After the second etching step, the thickness of the fine
etched target layer 111 is neasured using known thickness measuring tools.
Finally, thesphotoresist layer is stripped. Those skilled in the art wll
readily observe that numerous nodifications and alterations of the device
and met hodWhat isclaaedvipi | e retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as Ilimted only by

t he netes and bounds of thrngEFend clains. 11/16 Cains Wat is clained
is: 1. A the- A éyomstapme ingfa, SeseHBEAMoRN A SeMIERRAUEIY

substrat e, sapERELS] E@PRIsPydi ng a sem conduct or substrate having thereon a
fuse interconnect-wre enbedded in a dielectric fil msback whergin said

dielectric filRFOYDIBE npfMeaNdUEtary SUBStERte: (hANDayfBRTERR & i fit5Csai

}‘ use inter m&me@mnwtr wzr@temgeslﬂednm Iawfcaélmdmatfetmh sthek} wigemah |e$a|dl

ayer over | sal 1 lelectric assl vatl on a

ooty e, QARG RE il S BhBPESE S ol qisfte PRRE AR NRG L BHE" e
di sposed ofwse datercpasectaviren dtajeast aher eitarsediatehdideerictmbteréal has

a0, Spent NSt olendcPali PhaKe SRIGTHSTaldY CRAnacRhs ARG thydler | nes

sai d fuse vvln rmn etc oce hon- o&f ectively
etch said Opadgir\gasafdnlntaymuedm dl@ﬂ@ttlrm mamedabtaqed; a2lpdstoiresishiaydral

| ayer thr OHEHb S Svaﬁrp%i}'dnﬁasté?@it?@% Iﬁ%&o%lﬁ‘é}e?ﬁ'sﬁu& %%&ég ﬁﬂ %ﬁ/n"r'h% sl ayer;

performng a f| rst Ness- neasur e ess of said
target di eRBcOPROINGYALafY gliredi ghove sig fs{sﬁwnt;erconnect wire and

defines said fuse window;

performing a first dry etching process to non-selectively etch said
passivation layer and said intermediate dielectric material layer through
said opening thereby exposing said target dielectric layer;

performing a first thickness-measurement step to measure
thickness of said target dielectric layer after said first dry etching
process;

performing a second dry etching process, based on said measured
thickness of said target dielectric layer in said first
thickness-measurement step, to etch away a portion of said exposed
target dielectric layer, thereby forming said fuse window; and

performing a second thickness-measurement step to measure a
remaining thickness of said target dielectric fayer after said second dry
etching process.

2. The method of claim 1 wherein said passivation layer, said
intermediate dielectric material layer and said target dielectric layer are

made of different dielectric materials.

3. The method of claim 1 wherein said passivation layer comprises
silicon oxide.

4. The method of claim 1 wherein said intermediate dielectric material
layer comprises silicon nitride.
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process; performng a second dry etching process, based on said neasured

t hi ckness of said target dielectric layer in said first

t hi ckness- neasurenent step, to etch away a portion of said exposed target
dielectric layer, thereby formng said fuse wi ndow, and perform ng a second
t hi ckness- neasurenent step to neasure a renmaining thickness of said target
dielectric layer after said second dry etching process. 2. The nethod of
claiml1l wherein said passivation layer, said internmediate dielectric

mat eri al | &yerTh&dmeth@d a@fgeﬁlauﬂeliecwhﬁéeﬂnay@idartérgﬂfadbelﬁfdﬂﬁf flayadnt

di el ectri C cBBA(SF ,@,f §G3- The method of claim1 wherein said passivation

| ayer conprises I con oxide. 4. The nethod of claim1l wherein said
intermediate dielectric nmaterial |ayer conprises silicon nitride. 12/16 5.

The et hod gof m@Inﬁrethdwgf@mmSalﬁhb?ézaea cbeth9et id ﬁoﬂrﬁyarbetwe@wsﬁas FSG
6. The nethod of ¢ er is formed between said target

dielectrict ?%ﬁérd'ﬁlﬁftg'é ély?ruﬁﬁdl%?ﬂ%&eg%h@ rCRNPECt-Wirghe nethod of claim 6

wherein said cap | ayer conprlses silicon nitride and S|I|con carblde. 8.
The met hodof a|n1 52 d neasu hi_ck ess s feed to an
advanced. pocdté aBRtA QB f: WRRRS U Sid ah BRER: SQmiiise: sficoor “oai d
second drynarmh!agdpnbaa$sadﬁdeA two-step nmethod for etching a fuse w ndow
on a semiconductor substrate, conprising: providing a sem conductor
substrate having thereon a fuse interconnect-wire enbedded in a dielectric
fil m st ack8. widremetbaddf dashdcwhiecein $aidsnaskusahthickeesais tegdrack

dielectricedg ﬁ \%Weldybﬂﬂ:e%‘g“cqinth'IS@P@tL?ﬁi‘f%Qﬁ&buW ratchifg 'diration

|nterned|ate ectrlc mat er
for sald second dry etching process

9. A two-~step method for etching a fuse window on a semiconductor
substrate, comprising:

providing a semiconductor substrate having thereon a fuse
interconnect-wire embedded in a dielectric film stack, wherein said
dielectric film stack comprises a target dielectric layer overlying said
fuse interconnect-wire, a first intermediate dielectric material layer
overlying said target dielectric layer, a second intermediate dielectric
material layer overlying said first intermediate dielectric material layer,
and a passivation layer overlying said second intermediate dielectric
material layer, a photoresist layer disposed over said passivation layer,
wherein said photoresist layer has an opening that is directly above said
fuse interconnect-wire and defines said fuse window;

performing a first dry etching process to non-selectively etch said
passivation layer and said second intermediate dielectric material layer
through said opening thereby forming an intermediate fuse window in
said passivation layer and said second intermediate dielectric material
fayer;

performing a first thickness-measurement step to measure
combined thickness of remaining said second intermediate dielectric
material layer, said first intermediate dielectric material layer and said
target dielectric layer after said first dry etching process;

performing a second dry etching process, based on said measured
thickness obtained from said first thickness-measurement step, to
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overlying said target dielectric layer, a second internediate dielectric
material |ayer overlying said first internediate dielectric material |ayer,
and a passivation |ayer overlying said second internmediate dielectric
material |ayer, a photoresist |ayer disposed over said passivation |ayer,
wherein said photoresist |ayer has an opening that is directly above said

fuse intercapfieelk éfcl?{‘zﬂd éd}ﬁfirﬁ%irﬂlefdﬁ% WMo :&%Eéﬂflmag‘ér,asaghf st dry
etching process to non-selectively etch sai passivation l'ayer and said
second i nt &irpktarwediatecdiels@rigematerial laxgeandihpetiion @&isal%@émqsgdt her eby
form ng antwee_rdﬁ%mcghe |fagé€.twrcm§wai AP 1 PARES \fpfswidow,r (i byai d
second mt«gémedl at e, ]Lel ectric materia | ayer; performng a first

t hi ckness- MREBLTE ARG TUsCWIR@OWea8dre  conbi ned t hi ckness of remaining said

second i nter mesirdb@nfHicelLckEbRd fARERAE -hRYSIrerd@hfl StkpSto IMbgERdat e
dielectric mater. al I.a%er ang s?drd target di.el ectrlf Iaﬁe aftersdsald
first dry ECORINGOHICERRsS Bhsnbt MTss B IasSHG lavsy atterisn! sP6eaddVbased
on sai d neasthiagd pridtegkness obtained fromsaid first thickness-neasurenent
step, to 13/16 continue to etch said second internediate dielectric
material |layer, said first internediate dielectric material layer and a
portion of 19aiTheexpaded ofarigeh @iwhepdini saidapessivhtionglayeai coinptrsesedi at e
fuse w ndog\{,licblﬂeé)git@é form ng said fuse wi ndow, and perform ng a second

t hi ckness- heasur €énent step to neasure a renaining thickness of said target
dielectric layer after said second dry etching process. 10. The net hod of

claim9 m?ﬁ?iﬁhé%h%ﬁ%‘fvahilﬂ%' fShefrOSRId Fh3t i@iéﬂn‘%@@ia‘?éi&%ie&ﬂin The
met hod of claim9 wherein sard first internediate dielectric materi al
| ayer conpMalesiakiavessiwmptispasiliqom nitrige.nmet hod of claim 9 wherein said

second internediate dielectric material layer is fornmed of different

dielectri C] EmtT rel Fanletllggngfsc Ia?mférvegmerein said second intermediate dielectric
material layer is formed of different dielectric material from said first
intermediate dielectric material layer.,

13. The method of claim 9 wherein said target dielectric layer
comprises FSG.

14. The method of ciaim 9 wherein a cap layer is formed between said
target dielectric layer and said fuse interconnect-wire.

15. The method of claim 14 wherein said cap layer comprises silicon
nitride and silicon carbide.

16. The method of claim 9 wherein said measured thickness is feedback
to an advanced process control (APC) unit to output an etching duration
for said second dry etching process,

17. The method of claim 9 wherein said semiconductor substrate has
thereon a multi-layered interconnect-wire structure formed in the
dielectric film stack and said fuse interconnect-wire formed
concurrently with a lower inlaid wire layer of said multi-layered
interconnect-wire structure.
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internediate dielectric material layer. 13. The nmethod of claim9 wherein
said target dielectric |layer conprises FSG 14. The nethod of claim9
wherein a cap layer is forned between said target dielectric |layer and
said fuse interconnect-wire. 15. The nethod of claim 14 wherein said cap

| ayer conprises silicon nitride and silicon carbide. 16. The method of
claim9 wh i r h process
Cont rol (ARG s anpulERERs At 7 AR Reisa i RNRET iR A dERGSHAY

et chi ng pr 6é&§05ﬂimefmne1@tmmm afe (bloahnﬂadmhﬁr@mp@al d semi conduct or
substrate has thereon a nulti-layered interconnect-wire structure forned
inthe dielectric filmstack and said fuse interconnect-wire forned
concurrently with a lower inlaid wire |ayer of said nulti-I|ayered
interconnect-wire structure. 14/16 1 8. The nethod of claim 17 wherein said
lower inlaid wwre layer and said fuse interconnect-wire are both nmade of
copper. 15/16
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